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THE STRUCTURE AND CERTAIN PROPERTIES
OF GAS.-FLAM COATINGS

SUSSR -

[Following is the transtatioh of an article by K. S. Shlyk Iova
in the Russian langtagb publication _rud. ahstituta Metallurgii
imeni A. A. Buvkova -- Metallursti-a. Metallovedenjve., Ui~o
Khinfinheski~ve MOW-ody Issledgyatina '(Works of the Instiute of

Metallurgy iviebi A. A, BaykO -. Met-?lurgy, Metallurgical
Scienke, Methods of Physioo-Chemical In~es igation), Mosdov
No 10, i962, pages 194-201.]

Protective coatings against corrosion and oxidation at high tern.
peratures can be obtained by various methods, such as diffusion, satura-
tion, electrodeposition and metallization.

Metallization is one of the advanced. methods used for obtaining
,protection from oxidation at high temperatures, especially at short
exposures to heat.

In this study, which was made in 1957, gas fired spray coatings
were used. The aims of the experimentation were to determine:

1) the influence of heat treatment on the michrostructure of the
coating and on its michrohardness;

2) the role of undercoating in achieving cohesion between the
coating and the base;

3) the effects of vacuum treatment on the quality of the spray
coatings;

4j comparative data on heat resistance.
The specimens were made of steel #3 and chromium-nickel steel in

the form of small cylinders, 12 mm in diameter, 25 mm long and tablets
25 mm long, 12 mm wide, and 3mm thick. Before spray coating, the
specimens were sand blasted in order to obtain a rough surface for
securing a better cohesion between the coating and the base. For the
coating we used nichrome, alloy #2 and aluminum oxide. Nichrome and
alloy #2 were used in the form of wire from two to three millimeters in
diameter, and the aluminum oxide in the form of die pressed rods three
millimeters in diameter.

After receiving the spray coating, the specimens were enclosed in
welded quartz ampoules, heat treated in a silit oven at temperatures of
900, 1009, 1100 and 1200 degrees centigrade for one to five hours and
cooled at air temperature. Experiments on heat resistance were made in
a silit over at l100 degrees for 100 hours with interruptions every 20
hours for weighing and inspection & the specimens. The heat resistance
was measured by thecinrease in weight of the specimens expressed in
grams per square meter per hour.
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Our experiments have shown that the density of the metallization
coating is increased through subsequent reheating6  The coating changes
from porous to compact and the hardness increases correspondingiy. The
effect of a subsequent reheating on the microsttubture at the border
layer differs depending on the composition of the coatings in the case
of a nichrome coating, a subsequent teheatihi will produce a diffusion
zone at ihe boundary between the base metal and the coating; in the case
of a #2 allay coating, the reheating will result in the formation of an
intermediate layer (see figures 2 and 3). The formation of a diffusion
zone or an intermediate layer between the coating and the base does not
always act favorably on the strength of the cohesion between the coating
and the base. The alloy, or any other combination formed as the result
of the diffusion in accordance with the diagram of these materials, is
undergoing changes with temperature variations and with the length of
time.

The Effect of An Undercoating On the Quality of Cohesion

It is known that besides the composition of the coating, many
other factors influence the resistance to oxidation, namely: the
preparation of the surface, the chemical composition of the base, the
cohesion between the base and the coating. The latter, in its turn,
depends on a number of factors. The role of the undercoating is to pro-
vide a good cohesion with the base, and that of the principal coating is
to impart to the piece characteristics required for its use.

In our experiments we used aluminum oxcide for the principal coat.
ing because of its high melting point and good corrosion resistance.
However, aluminum oxide has a poor surface wetting ability. This was
shown in our experiments and was also mentioned in other publications
(see b:ibliographic reference 2).

in order to improve the cohesion between the aluminum oxide coat-
ing and the base metal we tried out a nichrome undercoating.

It is known that chromium steels have a high corrosion resistance
due to the formation of a Cr 03 oxide film on the surface. In the same
way in our case, a Cr203 " i;e film is formed on the surface of the
nichrome undercoating. It is easily soluble in alurmi.um oxide and secures
therefore a strong cohesion of the aluminum oxide coating with the base,

Beside promoting cohesion, this undercoating serves as a barrier
impeding the di.fusion of the base metal in the coating.

Heat Resistance

As a general rule, metals used in the industry include gases such
as hydrogen and nitrogen. We checked the effect of vacuum treatment,
resulting in elimination of gases, on 'the heat resistance of the coatings.
Specimens of steel -L3 coated with aluminum oxide and wmith a nichrome
undercoating were placed in a vacuum over type TVV-2 and heated to
12000 for two hours (vacuum to- 3). The specimens were then checked for
oxidation. On figure 4 are shown microstructures of specimens without
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Figure 5, Specimes of steel #3 with ditfoerit ooatings, after heat
resistanze test at 11000s a . wiAthout spray coating, a't-r 80 hoarsI
b - NIOr ooati., gi after 100 hours; a - NIOR + A120- *oating, after I00
hours; d - Nir + A.12 03 ooating and vaouum treatme&nt, after 100 hears.
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Figure 6. Heat resistance of speo1umcs of steel J3 with various gas.
flame spray coatings; 1 - NiOrl 2 - i4Wr; 3 - Ni~r + A12 03 1 4 . NICr
+ A12 0 3 , vacuum treated. Temperature llO0OC.

•L (a) 3pecI'^..o increase of weight in grams/square meters per hmou.S()Tins', h. ur a

X..rays TestLnA d. the Structure

Figure 7 mhows radiogrvas of the surface of two -speimens spray
coated with aluminim acide with a niohrome underaoating, after a heat
resistance test at fl000 for I00 hours. One of the specimens was vacuum
treated, the other vp' not;
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This study of the chemical analyses of the coatings, of the X.-rays
tests, the heat resistance tests as well as of the microstructure, brings
us to the conclusion that as a result of the selective evaporation of
chromium and aluminum during the vacuum treatment, and of the selective
cocidation during the heat treatment, a compact ocxide film is formed on
the surface. This film, compluc in its composition, impedes the process
of diffusion and thus *ovides a strong defensive property to the surface.

Conclusions

1, Metallization is a technically simple method of obtaining
coatings of various compositions, simple or complex;

2. Subsequent heat treatment increases the density of the coating.
3. Vacuum treatment increases the cmidation resistance of the

coating.
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